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1. Introduction 
The role of products of mitochondrial protein syn- 
thesis in the biogenesis of the mitochondrial ATPase 
complex of yeast and fungi is well documented. In 
Saccharomyces cerevisiae four [ 1 ] and in Neurospora 
crassa two [2] protein subunits of the complex are 
synthesized intramitochondrially. Special attention 
has been paid to the elucidation of the site of the syn- 
thesis of DCCD binding proteolipid of the mitochon- 
drial ATPase complex. In yeast [3] this component is 
synthesized within mitochondria and in fungi [4,5] 
outside the organelles. Less information exists on the 
participation of mitochondrial translation products in 
the formation of mitochondrial ATPase complex and 
on the site of the synthesis of DCCD binding proteo- 
lipid of the complex in animal cells. The intramito- 
chondrial formation of three protein components of 
mitochondrial ATPase complex in oocytes [6] and in 
regenerating rat liver [7] has been indicated by selec- 
tive invivo inhibition of cytoplasmic or mitochondrial 
protein synthesis. Incorporation of labeled amino 
acids by isolated rat [8] and mouse [9] liver mito- 
chondria into DCCD binding proteolipid has been 
described and it was concluded that the DCCD binding 
component of rat [8] and mouse [9] liver mitochondrial 
ATPase complex represents a product of mitochon- 
drial protein synthesis. On the other hand, selective in 
vivo inhibition of mitochondrial protein synthesis in 
regenerating rat liver did not affect significantly amino 
Abbreviations: DCCD, NJV’dicyclohexylcarbodimide; F,, 
mitochondrial ATPase (coupling factor 1); PAGE, polyacryl- 
amide gel electrophoresis; SDS, sodium dodecyl sulfate 
EIsevierjNorth-Holland Biomedical Press 
acid incorporation into a component supposed to be 
identical with the DCCD binding proteolipid of mito- 
chondrial ATPase complex [7]. 
We found that isolated rat liver mitochondria 
incorporated [ 35 S] methionine into two protein com- 
ponents of the mitochondrial ATPase complex. One 
of these components was soluble in chloroform:meth- 
anol(2: 1) mixture but its electrophoretic mobility 
was different from that of the DCCD binding proteo- 
lipid. 
2. Materials and methods 
Incorporation of [35S]methionine byisolated [lo] 
mitochondria proceeded at 30°C in a sterile medium 
containing mitochondria (3-5 mg/ml), 50 mM bicine, 
90 mM KCl, 1 mM EGTA, 5 mM KH2P04, 1 mM 
cycloheximide, 0.1% bovine serum albumine, 15 mM 
MgC12, 1 mM ATP, 5 mM phosphoenolpyruvate, 
25 pg/ml pyruvate kinase, 50 E.cg/ml unlabeled amino 
acid mixture [ 1 l] without methionine, 50 /.&i/ml 
[35S]methionine ~1000 Ci/mmol), final pH 7.8. 
After 20 min incubation with shaking, 10 mM unlabeled 
methionine was added to the mixture. Following addi- 
tional 5 mm incubation the labeled mitochondria 
were centrifuged and 3 times washed with 0.3 M 
mannitol, 1 mM EDTA, 0.1% chloramphenicol, 10 mM 
unlabeled methionine, (pH 7.4). 
Rat liver mitochondria labeled with [ 14C] amino 
acids in vivo were isolated from 200 g animals injected 
with 1.5 mCi [ 14C]leucine (125 Ci/mol), 1.5 mCi 
[14C]isoleucine (105 Ci/mol), 1 mCi [‘4C]phenylala- 
nine (225 Ci/mol) in two equal doses 36 and 16 h 
before sacrifice. 
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Labeling of mitochondria with [14C]DCCD (32 Ci/ 
mol) was performed by 16 h incubation at 4°C with 
the inhibitor (0.5-10 nmol/mg protein) in a mixture 
containing 0.25 M sucrose, 1 mM EDTA, 10 mM 
Tris-HCl (pH 7.5) and mitochondria (3 mg/ml). The 
labeled mitochondria were centrifuged and washed 
2 times with the incubation medium without DCCD. 
Chloroform:methanol(2:1) extraction was per- 
formed as detailed in [ 121. The labeled immunopre- 
cipitated ATPase complex was coextracted with 
lo-fold excess of unlabeled mitochondria. 
Antisera against purified [ 131 chloroform released 
[ 141 F, were obtained using the following schedule. 
The rabbits were injected into footpad with 0.1,0.5 
and 1 mg Fi which was dissolved in 0.5 ml 0.8% NaCl, 
0.002% KCl, 0.002% KH2P04 and 0.09 17% KZHP04, 
and emulsified with 0.5 ml complete Freund’s adjuvant. 
Intervals between respective doses were 3 weeks. Sera 
were collected 8 days after the last injection. 
The ATPase complex was solubilized and immuno- 
precipitated from mitochondria by direct precipitation 
with an immunoglobulin fraction [ 151 from anti-F1 
sera according to [ 161. 
SDS-PAGE was performed [ 171 in gel slabs with 
a linear 12-20% acrylamide gradient. The samples 
were dissolved and depolymerized before electropho- 
resis by either 2 min heating at 90°C or by 30 min 
incubation at 50°C with 2% SDS, 4% 2-mercapto- 
ethanol, 20% glycerol, 10 mM Tris-HCl (pH 7.0). 
Both treatments yielded identical results. Gels were 
stained for 16 h [18] and destained [19] for 24 h at 
2O’C. Two-dimensional separation of proteins was 
according to [20]. Radioactivity distribution in gels 
was monitored by fluorography [21]. 
Protein was estimated according to [22]. 
3. Results and discussion 
ATPase complex immunoprecipitated from rat liver 
mitochondria consisted of -12 protein components 
separable by SDS-PAGE. These components were 
detected in the gel by both staining and determining 
radioactivity distribution after electrophoresis of the 
complex immunoprecipitated from mitochondria 
labeled with [14C]amino acids in vivo (fig.1). Protein 
constituents of the immunoprecipitated ATPase com- 
plex ranged from mol. wt 93 500-8000. The protein 
composition of the immunoprecipitated ATPase com- 
plex was practically identical with that of the oligo- 
198 
A B 
Fig.1. Protein composition of ATPase complex immunopreci- 
pitated from rat liver mitochondria. The complex was precip- 
itated from unlabeled mitochondria (A) or from mitochondria 
labeled in vivo with [r4C]amino acids (B). After electropho- 
resis the proteins were stained (A) or detected by fluorog- 
raphy (B). 
mycin-sensitive ATPase complex prepared according 
to [20]. 
ATPase complex immunoprecipitated from mito- 
chondria labeled with [35S]methionine in vitro con- 
tained two discrete labeled components with 
mol. wt 21 500 and 9000, respectively (fig.2). Incor- 
poration of [35S]methionine by isolated mitochondria 
into these components was inhibited by chloram- 
phenicol. Thus, under the conditions used, 21 500 
and 9000 mol. wt components of ATPase complex 
were formed and integrated into the complex by iso- 
lated rat liver mitochondria. This can be compared 
with a recent report [7] that 25 000,22 000 and 
9000 mol. wt components of rat liver mitochondrial 
ATPase complex are synthesized in mitochondria of 
regenerating rat liver in vivo. We could detect an in 
vitro labeled product with mol. wt 25 000 in the 
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Fig.2. Products of in vitro mitochondrial protein synthesis in 
whole mitochondria and in mitochondrial ATPase complex. 
[35S]Methionme labeled products were detected by fhrorog- 
raphy after electrophoresis of (A) whole in vitro labeled 
mitochondr~ and (B) ATPase complex immunoprecipitated 
therefrom. 
immunoprecipitated ATPase complex when the pre- 
cipitation reaction lasted longer as a consequence of 
the use of i~~o~lobu~ fraction from less potent 
antisera. This fact along with the low labeling of the 
25 000 mol. wt product recovered in the immunopre- 
cipitate under the conditions mentioned probably 
indicates adisposition of this product to associate and 
to coprecipitate non-specifically with the complex. 
The 9000 mol. wt component of the ATPase com- 
plex was extractable with c~oroform:meth~ol(2: 1) 
mixture as the single in vitro labeled product from 
both ATPase complex and whole mitochondria (fig.3). 
Relation between this proteolipid component of the 
ATPase complex and DCCD binding proteolipid was 
next examined. Independently of the concentration 
of [14C]DCCD used for the labeling of rat liver mito- 
Fig.3. Chloroform:methanol soluble components of mito- 
chondrial ATPase complex labeled with DCCD and amino 
acids. Chloroform:methanol extracts of ATPase complex 
immunopre~ipitated from mitochondria labeled with (A) 
[14C]~CD,(B) [3sS]met~on~e invitro and(C) [‘4Cfamino 
acids in vivo were electrophoresed and fluorographed. 
chondria the majority of the radioactivity bound to 
the immunoprecipitated ATPase complex was recov- 
ered in two components with mol. wt 16 500 and 
10 000, respectively (fig.4). In c~orofo~:meth~ol 
extracts of both the [14C]DCCD-labeled mitochondria 
and the ATPase complex only the 10 000 mol. wt 
labeled component was found. As detected by two- 
dimensional separation of [14C]DCCD-labeled mito- 
chondria the DCCD binding components with 
mol. wt 16 500 and 10 000 exhibited identical isoelec- 
tric point (pI 7.5) (fig.4). Accordingly, the DCCD 
binding component with mol. wt 16 500 may repre- 
sent an aggregated form of the 10 000 mol. wt DCCD 
binding proteolipid. The tendency of DCCD binding 
proteolipid of beef heart mitochondria to migrate as 
an aggregate in SDS-PAGE 1241 along with the iden- 
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Fig.4. Electrophoretic properties of DCCD binding compo- 
nents of mitochondrial ATPase complex. (1) Fluorogram of 
the gel slab with [ 14C]DCCD labeled mitochondria separated 
in two dimensions. Mitochondria were labeled in the presence 
of 0.75 nmol [ 14C]DCCD/mg protein and separated in two 
dimensions with the omission of 2-mercaptoethanol. The 
radioactivity was recovered only in the demonstrated part of 
the slab. (2) Fluorogram of the electrophoresed whole mito- 
chondria labeled in the presenceof (D) 0.5 nmol [ “C]DCCD/ 
mg protein, (C) 10 nmol [ 14C]DCCD/mg protein, and of elec- 
trophoresed ATPase complex immunoprecipitated from 
mitochondria labeled in the presence of (B) 0.5 nmol [“Cl- 
DCCD/mg protein, (A) 10 nmol [‘4C]DCCD/mg protein. 
tical electrophoretic properties of DCCD binding 
components of beef heart and rat liver mitochondrial 
ATPase complex (not shown) favour this proposal. 
In the ATPase complex immunoprecipitated from 
[‘4C]DCCD-labeled mitochondria no DCCD binding 
component with the electrophoretic mobility corre- 
sponding to the 9000 mol. wt proteolipid labeled 
with [35S]methionine in vitro was detected (see 
fig.3,4). This observation is at variance with data 
pointing to the synthesis of DCCD binding proteolipid 
in isolated rat [8] and mouse [9] liver mitochondria. 
Such discrepancy can be most simply explained by 
the different conditions of the preparation of mito- 
chondrial proteolipid(s) and by the higher resolving 
power of the fluorographic detection of radioactivity 
distribution in electrophoreograms used in this study. 
It could be argued that the 10 000 mol. wt DCCD 
binding proteolipid represented in fact a DCCD modi- 
fied form of the 9000 mol. wt component labeled in 
vitro with [35S]methionine which would have an 
altered electrophoretic mobility upon DCCD binding. 
However, no labeled 10 000 mol. wt component was 
detected in chloroform:methanol extract of mito- 
chondria labeled in vitro with [35S]methionine and 
subsequently incubated with unlabeled DCCD (fig.5). 
It can be concluded that: 
1. Two protein components of rat liver mitochondrial 
Fig.5. Lack of the effect of DCCD on electrophoretic proper- 
ties of chloroform:methanol soluble component labeled with 
[3sS]methionine in vitro. Mitochondria were labeled with 
[3sS]methionine in vitro and suspended (2 mg protein/ml) in 
0.25 M sucrose, 1 mM EDTA, 10 mM Tris-HCl (pH 7.5) 
without (A) or with (B) unlabeled DCCD (250 nmol/mg pro- 
tein). After 2 h incubation at 4°C the mitochondria were 
pelleted and extracted with chloroform: methanol. The extracts 
were electrophoresed and fluorographed. 
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ATPase complex are synthesized and integrated 
into the complex by isolated mitochondria; 
2. The in vitro synthesized component that is soluble 
in chloroform:methanol differs from the DCCD 
binding proteolipid in DCCD binding ability, elec- 
trophoretic mobility and probably in the intracel- 
lular site of synthesis. 
Acknowledgements 
We are indebted to Dr L. KovaE for encouraging 
interest and critical reading of the manuscript and to 
Dr J. HouStEk for gift of [ 14C]DCCD. Valuable sugges- 
tions of Dr J. Kolarov during preparation of the 
manuscript and excellent echnical assistance of Mrs 
H. Ferancovl and Mrs D. 6ffelova are gratefully 
acknowledged. 
References 
[I] Tzagoloff, A. and Meagher, P. (1971) J. Biol. Chem. 
247,594~603. 
[ 161 Ludwig, B. and Capaldi, R. (1979) Biochem. Biophys. 
Res. Commun. 87,1159-1167. 
[17] Laemmli, U. K. (1970) Nature 227,680-685. 
[ 181 Swank, R. T. and Mu&es, K. D. (1971) Analyt. Bio- 
them. 39,462-477. 
[2] Jackl,G. and Sebald, W. (1975) Eur. J. Biochem. 54, 
97-106. 
[19] Ames, G. F.-L. and Nikaido, K. (1976) Biochemistry 15, 
616-623. 
[ 31 Sierra, M. F. and Tzagoloff, A. (1973) Proc. Natl. Acad. 
Sci. USA 70,3155-3159. 
[20] O’FarrelJ, P. H. (1975) J. Biol. Chem. 250,4007-4021. 
[21] Bonner, W. M. and Laskey, R. A. (1974) Eur. J. Bio- 
them. 46,83-88. 
[4] Sebald, W., Graf, Th. and Wild, G. (1976) in: Genetics [22] Lowry, 0. H., Rosebourgh, N. J., Farr, A. L. and 
and Biogenesis of Chloroplasts and Mitochondria RandalJ,R. J.(1951) J.Biol.Chem. 193,265-275. 
(Bticher, Th. et al. eds) pp. 167-174, Elsevier/North- [23] Soper, J. W., Decker, G. L. and Pedersen, P. L. (1979) 
Holland, Amsterdam, New York. J. Biol.Chem. 254,11170-11176. 
[5] Turner,G., Imam,G. and Kiintzel, H. (1979) Eur. J. [24] Sebald, W., Graf, Th. and Lukins, H. B. (1979) Eur. J. 
Biochem. 97,565-571. Biochem. 93,587-599. 
[6] Koch,G. (1976) J. Biol. Chem. 251,6097-6107. 
[7] DeJong, L., Holtrop, M. and Kroon, A. M. (1979) Bio- 
chim. Biophys. Acta 548,48-62. 
[S] Dianoux, A.C., Bof, M. and Vignais, P. V. (1978) Eur. 
J. Biochem. 88,69-77. 
[9] Aroskar, V. A. and Avadhani, N. G. (1979) Biochem. 
Biophys;Res. Commun. 91,17-23. 
[lo] Kuiela, S., Krempasky, V., Kolarov, J. and Ujhiizy, V. 
(1975) Eur. J. Biochem. 58,483-491. 
[ll] Roodyn,D., Reis, P.J. and Work, T. S. (1961) Biochem. 
J. 80,9;21. 
[12] Kuiela, S., Kolarov, J. and Krempasky, V. (1973) Bio- 
them. Biophys. Res. Commun. 54,9-16. 
[13] Kopecky, J., HouXk, J. and Drahota, Z. (1977) Mol. 
Cell. Biochem. 18,77-80. 
[ 141 Beechey, R. B., Hubbard, S. A., Linnett, P. E., Mitchell, 
A. D. and Munn, E. A. (1975) Biochem. J. 148, 
533-537. 
[ 151 Campbell, D. H., Garvey, J. S., Cremer, N. E. and 
Sussdorf, D. H. (1970) Methods in Immunology, W. A. 
Benjamin, New York. 
201 
